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Executive Summary

" This baseline human health risk assessment (BHHRA) was conducted t0 support the

- Remedial Investigation/Feasibility Study (RI/FS) for Operable Unit 3 (OU3) at the
Cornell-Dubilier Electronics (CDE) Superfund Site (Site). The former CDE facility is
located at 333 Hamilton Boulevard in South Plainfield, Middlesex County, New Jersey
and covers approximately 26 acres. Between 1936 and 1962, CDE manufactured
electronic components, including capacitors. It has been reported that the company also

- tested transformer oils for an unknown period of time. Polychlorinated biphenyls (PCB)
and chlorinated organic degreasing solvents were used in the manufacturing process, and
it has been alleged that during CDE’s period of operation, the company disposed of PCB-
containing materials and other hazardous substances at the facility. The primary Site-
related contaminants are volatile organic compounds (VOC) and PCBs.

OU3 addresses groundwater. Consistent with the RI Report, the following terminology is
used throughout this BHHRA:

B The “Site” refers to all four OUs which comprise the CDE Superfund Site, and
the extent of each OU investigation;

B The “former CDE facility” refers to the physical extent of the industrial park
operated at 333 Hamilton Boulevard; and :

B “QU3” refers to the geographic extent of the groundwater contamination and
associated investigation. '

The purpose of this BHHRA is to provide an evaluation of potential human health risks,
currently and in the future, in the absence of any major action to control or mitigate
groundwater contamination (i.e., baseline risks). The potential for adverse health effects
was expressed as incremental lifetime cancer risks and non-cancer hazards that were
based on assumptions regarding the potential for human exposure to chemicals in
groundwater, the estimated concentration of each chemical of potential concern (COPC)
at the point of human contact, and the toxicity of each COPC.

The BHHRA followed guidance outlined in the United States Environmental Protection
Agency’s (USEPA) Risk Assessment Guidance for Superfund: Volume I, Human Health
Evaluation Manual (Part 4) (RAGS) (USEPA, 1989) and other relevant USEPA

U.S. Army Corps of Engineers -
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Executive Summary

guidance. As such, the BHHRA is composed of the following four parts: data evaluation,
exposure assessment, toxicity assessment, and risk charactenzatlon (USEPA, 1989; NRC,
1983).

‘Data Evaluation

The BHHRA is based on the results of groundwater samples collected by Malcolm
Pirnie, Inc. in October 2009, March-April 2010, July 2010, December 2010, and March
2011. Groundwater samples were collected from twelve (12) shallow bedrock wells
located within the former CDE facility property boundary and twenty (20) deep bedrock
wells located throughout the Site. The deep bedrock wells are referred to as FLUTe™ or
multi-port wells and were installed with multiple ports to sample, generally, between two
and nine discrete depth intervals per well.

Groundwater samples were collected from all wells in October 2009 and March-April
2010 and were analyzed for VOCs, SVOCs, pesticides, PCB Aroclors, metals (including
mercury), and cyanide. Groundwater samples were collected from a subset of 24 wells in -
March-April 2010 and July 2010 for PCB congener and dioxin/furan analyses. In
December 2010 and March 2011, groundwater samples were collected from only the
newly-installed MW-23 and were analyzed for VOCs, SVOCs, pesticides, PCB Aroclors,
metals (including mercury), and cyanide. Based on review of the laboratory data and
USEPA Region 2 data validation reports, the majority of the groundwater data was of
acceptable quality overall but subject to the data validator’s qualifying remarks.
However, following review of the validated PCB congener data from March-April 2010,
it was decided not to use the PCB congener and dioxin/furan data from MW-11.!

Based on the concepmal understanding of Site-specific hydrogeology and to facilitate
evaluation of the potential for human exposure to groundwater through the various
pathways outlined in the Site Conceptual Exposure Model, the following groundwater
exposure units were established for this BHHRA:

o Entire aquifer — includes groundwater data from all wells and across all sample
depths. However, groundwater data from ERT-8 was not included, because it is an
upgradient well considered representative of background conditions.

! The March-April 2011 PCB congener data from MW-11 were qualified by the USEPA data validator as
non-detect at elevated reporting limits due to method blank and equipment rinseate blank contamination.

o U.S. Army Corps of Engineers )
IRNIE i Draft Baseline Human Health Risk Assessment for ES-2
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Executive Summary

] Shallow onsite groundwater — includes groundwater data from the shallow ' '
bedrock monitoring wells and the most shallow sampler port in each multi-port well
located within the- former CDE facility property boundary.

L Shallow offsite groundwater, south of Bound Brook — includes groundwater data
from the most shallow sampler port in each of the multi-port wells located outside the
former CDE facility property boundary and south of Bound Brook. Groundwater data
from ERT-8 were not included, because it is an upgradient well considered representative
of background conditions. '

| Shallow offsite groundwater, horth of Bound Brook — includes groundwater data
from the most shallow sampler port in each of the multi-port wells located outside the
former CDE facility property boundary and north of Bound Brook.

COPCs were identified in each groundwater exposure unit, based primarily on
comparison of the maximum concentration of each detected chemical to the USEPA
Regional Screening Levels for tap water but including other selection criteria as well.

Exposure Assessment

Representative exposure point concentrations (EPC) to be used in the calculation of

lifetime incremental cancer risks and non-cancer hazards were estimated for each COPC. : .
Concentrations in groundwater and indoor air were calculated to evaluate human

exposure through the potential pathways and exposure routes outlined in the Site

Conceptual Exposure Model. This model describes the scenario timeframe, exposure

medium, exposure point, and the exposure pathways and routes by which human

receptors may be exposed to COPCs originating in groundwater.

Based on the current and most likely future land uses of the Site, the following human
receptor populations were identified: commercial/industrial workers, resident adults,
resident children, and construction/utility workers. The potential for dermal contact and
inhalation exposure to chemicals in groundwater used for process or industrial uses was
evaluated for commercial/industrial workers. The potential for ingestion, dermal contact,
and inhalation exposure to chemicals in groundwater used as a source of potable water
was evaluated for resident adults and children. The potential for dermal contact and
inhalation exposure to chemicals in groundwater that pools at the bottom of a trench
excavated for utility work was evaluated for construction/utility workers. The applicable
exposure unit for the commercial/industrial worker, resident adult and resident child
exposure scenarios was the entire aquifer. Each of the three shallow groundwater

U.S. Army Corps of Engineers .
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Executive Summary

exposure units was used in a separate evaluation of potential construction/utility worker
exposure. o

To evaluate ingestion and dermal contact exposures, representative EPCs for COPCs in
groundwater were calculated as the 95% upper confidence limit (UCL) on the arithmetic
average concentration using the USEPA’s ProUCL version 4.1.00 software. To evaluate
inhalation exposures for resident adults and children, concentrations of the volatile
COPCs in indoor air were estimated using the “Schaum Model.” A modified version of
the Schaum Model was used to estimate concentrations of volatile COPCs in indoor air to
evaluate commercial/industrial worker exposure. To evaluate inhalation exposures for
construction/utility workers, concentrations of volatile COPCs in outdoor air around an
excavation were estimated by calculating COPC-specific emission fluxes and predicting
COPC concentrations using a screening-level atmospheric dispersion model.

USEPA-recommended equations and exposure parameter values were used to estimate
human exposure in the form of daily chemical intakes, dermally absorbed doses, or
exposure concentrations. These exposure estimates were then combined with chemical-
specific toxicity information to estimate incremental lifetime cancer risks and non-cancer
hazards in the Risk Characterization. In accordance with USEPA guidance, estimates of
reasonable maximum exposures (RME) and, where applicable, central tendency
exposures (CTE) were generated. Use of RME parameter values simulates the highest

~ exposure that might reasonably be expected to occur, one that is well above the average
case but within the range of possibility, and results in upper-bound incremental lifetime
cancer risks and non-cancer hazards. Evaluation of the RME scenario serves as the
determination regarding remedial action.

Toxicity Assessment

Chemical-specific toxicity information is in the form of cancer potency slope factors or
unit risk factors and non-cancer reference doses or reference concentrations. Toxicity
values were obtained from the following hierarchy of sources: USEPA’s Integrated Risk
Information System, USEPA’s Provisional Peer-Reviewed Toxicity Values, and
additional sources, including but not limited to the California Environmental Protection
Agency and the Agency for Toxic Substances and Disease Registry.

The USEPA has not derived toxicity values for lead. Rather, the potential for adverse
health effects from exposure to lead is evaluated through comparison of predicted blood
lead levels to a health-protective goal. The USEPA’s stated goal for lead is that children

U.S. Army Corps of Engineers
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Executive Summary

have no more than a 5% probability of exceeding a PbB (blood lead) level of 10 pg/dL.
As such, this level is assumed to also provide protection for adults. The USEPA’s
Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children was used to
evaluate resident child exposure to lead in groundwater used for drinking water.

Risk Characterization

Individual (i.e., COPC-specific) incremental lifetime cancer risks and non-cancer hazard
quotients were calculated for each potential human receptor population. For the ‘
construction/utility worker, separate risk estimates were generated for each of the three
shallow groundwater data sets.

Individual incremental lifetime cancer risks are expressed as unitless probabilities (e.g.,
2E-06 or 2 in 1,000,000) of a person developing cancer. The individual cancer risks for
each exposure scenario were summed to arrive at an estimate of the total cancer risk from
exposure to multiple chemicals. For known or suspected carcinogens, the National Oil
and Hazardous Substances Contingency Plan (NCP) established that acceptable exposure
levels are generally concentration levels that represent an incremental upper-bound
lifetime cancer risk in the range from 10™ (i.e., 1E-04 or 1 in 10,000) to 10 (i.e., 1E-06
or 1 in 1,000,000) or-less. The cancer risks estimated for each exposure scenario were
compared to this risk range established by the NCP. '

Non-cancer hazard is expressed as the unitless ratio, termed the hazard quotient (HQ), of
the daily chemical intake or exposure concentration to the non-cancer reference dose or
reference concentration. For systemic toxicants, the NCP established that “acceptable
exposure levels shall represent concentration levels to which the human population,
including sensitive subgroups, may be exposed without adverse effect during a lifetime or
part of a lifetime, incorporating an adequate margin of safety” (USEPA, 1990). As the
non-cancer reference dose is protective of the potential for adverse, non-cancer health
effects, HQs greater than 1E+00 indicate the potential for non-cancer hazard. The total
individual non-cancer HQs were summed for each exposure scenario to yield hazard
indices (HI) that reflect the potential for adverse, non-cancer health effects from exposure
to multiple chemicals.

Table ES-1 presents the incremental lifetime cancer risks and non-cancer hazards for
each RME scenario evaluated in the BHHRA for OU3. As shown, the incremental
lifetime cancer risks range from 8E-07 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 2E-02 for the resident adult.

U.S. Army Corps of Engineers :
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Executive Summary

Incremental lifetime cancer risks for the commercial/industrial worker, resident adult and
resident child are greater than the cancer risk range established by the NCP. The
predominant contributors to the cancer risk estimated for the resident adult are 4,4’-DDT,
'4,4°-DDD, trichloroethylene, and arsenic.

.Non-cancer HIs range from 3E+00 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 8E+02 for the resident child. The
non-cancer HIs are greater than 1E+00 for all potential human receptors, indicating there
is the potential for adverse, non-cancer health effects from exposure to groundwater. The
predominant contributors to the non-cancer hazard estimated for the resident child are
cis-1,2-dichloroethene, total PCB Aroclors, and 4,4’-DDT.

Table ES-1
Summary Table: Human Health Cancer Risks and Noncancer Hazards for RME Scenario
: Human Health Risk .
Comell Dubilier El Inc. Superfund Site OU3 .
: ! i [ i i
Exp Human p incremental Uifetime Cancer Risks Non-Cancer Hazard Indice:
Medium Population o osure Routes Receptor ) josure Routes |_Receptor
Ingestion | Dermal | Inhalation Tatal Ingestion i Dermal I Inhalation Total-
Contact Contact
Entire Aquifer lcommercial/industrial Worker N/A 56-08 3E-03 8E-03 N/A 16402 26401 1E+02
Shallow Onsite Groundw: Cot ion/Utility Worker N/A SE-05 5E-08 5¢-05 N/A 7E+01 4€-03 TE+01
hallow Offite d ! /Utllity Worker N/A 3e-05 2E-09 3E-05 N/A 2E+01 4E-05 2%E+01
1South Bound Brook v
[shallow Gffsite Groundwater, ]
North Bound Brook Consfmcﬁm(pﬂl!fy Worker N/A 8E-07 ) 5;-10 BE-07 N/A 3E400 26-05 3E+00
Entire Aquifer Resident Adult 6E-03 1E-02 1E-03 2E-02 2E+02 1E402 4E+00 4E+G2
Entire Aquifer Resident Child 26-03 4€-03 5E-04 7E-03 56402 3E402 1E+01 8E+02
Notes

N/A - Not applicable

Table ES-2 presents the incremental lifetime cancer risks and non-cancer hazards for the
CTE scenario. The incremental lifetime cancer risks range from 2E-07 for the
construction/utility worker exposure to shallow offsite groundwater, north of Bound
Brook to 3E-03 for the resident child. Incremental lifetime cancer risks for the
commercial/industrial worker, resident adult and resident child are greater than the cancer
risk range established by the NCP.

Non-cancer Hls range from 3E+00 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 4E+02 for the resident child.
Again, the non-cancer Hls are greater than 1E+00 for all potential human receptors,
indicating there is the potential for adverse, non-cancer health effects from exposure to
groundwater.

U.S. Army Corps of Engineers .
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Table ES-2
y Table: Human Health Cancer Risks and N for CTE
Human Haalth Risk
Comell Dubllier Electronics Inc. Superfind Site OU3

i I i

Human Receptor : ntal Lifetime Cancer Risks Non-Cancer Hazard Indices
Aedi ; Exp Routes Receptor Exposure Routes ptor
8¢ Dermal [ Inhalation | . Total ingestion Dermal rlnhalatlon Total

R R e b e, Fo AR

Entire Aquifer Cammercial/tndustrial Worker N/A 1E-G 4804 2-03 N/A 9E+01 9E+00 1E+02
hallow Onsite Groundv Construction/Utility Worker N/A 1E-05 1E-08 | 1E-05 N/A 6E+01 3g-03 BE+01
; Shallow Offsite Groundwater, L - y
south Bodnd Brook Construction/Utitity Worker N/A 8E-06 6E-10 8E-06 N/A 26401 3E-05 2E401
Shaltow Offsite Groundwater,
North Bound Brook Can}tfuctﬁon/l)tllltv Worker N/A 26-07 1E-10 26-07 N/A 3E+00 2¢-05 3E+00
IEnti re Aquifer Resldent Aduit 7E-04 2E-03 5E-05 2£-03 1E+02 9E+01 8E-01 2E402
|Ehtlre Aquifer Resident Child 1E-03 2%-03 6E-05 3}E-03 36402 26402 1E+00 440
INotes

IN/A - Not applicable

Further evaluation of the entite aquifer data set revealed relatively elevated COPC
concentrations in a few wells located within the former CDE facility boundary. The
presence of these concentrations may bias the calculated EPCs high, such that the cancer
risks and non-cancer hazards estimated using the entire aquifer data set may not reflect

the potential for adverse health effects from exposure to groundwater across the entire
Site. An alternate evaluation was therefore presented in the Risk Characterization, in
which the EPCs used to estimate the baseline cancer risks and non-cancer hazards were
replaced with alternate EPCs calculated using data sets excluding MW-06, MW-11, MW- _
12, and MW-148S. The cancer risks and non-cancer hazards estimated using the revised
EPCs were still greater than the risk range established by the NCP and the target non-

cancer HI of 1E+00 Based on this evaluatlon, the—potent-ral—-ﬁr_adne;se—lrea‘tﬂreﬂ‘ects

ﬂxe-ons&e—menﬂoﬂﬂgﬂweﬂs-abﬂﬁ’kk FUNTN /TSU./) ~ NQV\W Pt
e, L W fopntay Sidegpod. wels it o pdh-SuATL G
A ASrnman c»>¢.  Inaddition, the RI Report established that aqueous mass from the former CDE facility
@J,J . has been interpreted to not extend to ERT-5 and ERT-6 in the intermediate zone, and
./ MW-18 in the deep zone. Because of the uncertainty associated with modeling -
groundwater flow through fractured bedrock, groundwater data from ERT-5, ERT-6, and
MW-18 were included in the entire aquifer and shallow offsite, south of Bound Brook
data sets used to estimate baseline cancer risks and non-cancer hazards. However, to
determine the relative contribution that groundwater data from these offsite wells make to

N G U.S. Army Corps of Engineers
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Executive Summary

the baseline cancer risks and non-cancer hazards estimated in this BHHRA, an
uncertainty evaluation was conducted using only groundwater data from ERT-5, ERT-6,
and MW-18. Based on this evaluation, it was concluded that a portion of the potential for
cancer risk and non-cancer hazard indicated in the baseline evaluation may be attributed
to concentrations of dibenzo(a,h)anthracene, total PCB Aroclors, and arsenic detected in
ERT-5, ERT-6, and MW-18.

For the evaluation of the pdtential for adverse health effects from resident child exposure
to lead in drinking water, the geometric mean PbB concentration estimated using the
IEUBK model is 2.6 pg/dL. The probability that the PbB concentration is greater than 10
pg/dL is 0.22 percent. Therefore, lead concentrations in groundwater should not posea
risk to resident children or, by extension, to resident adults. '
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1. Introduction

This risk assessment presents an evaluation of potential human health risks associated
with exposure to chemicals detected in groundwater at the Cornell-Dubilier Electronics
(CDE) Superfund Site (Site) [EPA ID: NJD981557879].

The objectives of the risk assessment are to:

n Evaluate potential human health risks, currently and in the future, in the absence
of any major action to control or mitigate groundwater contamination (ie.,
baseline risks).

n Assist in determining the need for and extent of groundwater remediation.

] Provide a basis for comparing remedial alternatives and determining which will

meet the goals of protection of human health and the environment and Applicable
or Relevant and Appropriate Requirements (ARAR), as defined in the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP; 40 CFR Part
300.5).

The baseline human health risk assessment (BHHRA) follows guidance outlined in the
United States Environmental Protection Agency’s (USEPA) Risk Assessment Guidance

Jor Superfund: Volume I, Human Health Evaluation Manual Part A (RAGS) (USEPA,
1989) and other USEPA guidance cited throughout this document. The BHHRA is
presented in a series of tables that follow the USEPA’s RAGS Part D (USEPA, 2001)
format. These tables are provided in Appendix A.

The BHHRA is based on the results of groundwater samples collected in October 2009,
March-April 2010, July 2010, December 2010, and March 2011. The groundwater
sampling methodology and nature and extent of groundwater contamination are discussed
in the Remedral Investigation (RI) Report for Operable Unit 3 (OU3), of which this
BHHRA is a part. Historical data from previous Site investigations are summarized
herein but were not included in the quantitative assessment of human health risks.

Consistent with the RI Report, the following terminology is used throughout this
BHHRA:

B The “Site” refers to all four OUs which comprise the CDE Superfund Site, and
the extent of each QU investigation;
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'@ The “former CDE facility” refers to the physical extent of the industrial park
operated at 333 Hamilton Boulevard; and

B “OU3” refers to the geographic extent of the groundwater contamination and
associated investigation.

The following provides an overview of the Site location and background, a summary of
previous Site investigations, and descriptions of the key physical attributes, surrounding
land uses, and demographics. '

1.1. Site Location and Background

The former CDE facility is located at 333 Hamilton Boulevard in South Plainfield,
Middlesex County, New Jersey and covers approximately 26 acres. Most recently, the
property was known as the Hamilton Industrial Park. It contained numerous buildings
that were demolished by the USEPA in 2008 following relocation of the industrial park
tenants.

As shown on Figure 1-1, the former CDE facility is bounded on the northeast by Bound
Brook and the former Lehigh Valley Railroad, Perth Amboy Branch (presently Conrail);
on the southeast by Bound Brook and a property used by the South Plainfield Department
of Public Works; on the southwest, across Spicer Avenue, by single family residential
properties; and to the northwest, across Hamilton Boulevard, by mixed residential and
commercial properties. |

The Spicer Manufacturing Company operated a manufacturing plant on the property from
1912 to 1929. They manufactured universal joints and drive shafts, clutches, drop
forgings, sheet metal stampings, screw products, and coil springs for the automobile
industry. The plant included a machine shop, box shop, lumber shop, scrap shop, heat
treating building, transformer platform, forge shop, shear shed, boiler room, acid pickle
building, and die sinking shop. A chemical laboratory for the analysis of steel was added
in 1917. Most of the major structures were erected by 1918. When the Spicer
Manufacturing Company ceased operations at the facility, the property consisted of
“approximately 210,000 square feet of buildings (FWENC, 2002).

After the departure of the Spicer Manufacturing Company, CDE manufactured electronic
components, including capacitors, from 1936 to 1962. It has been reported that the
company also tested transformer oils for an unknown period of time. Polychlorinated
biphenyls (PCB) arid chlorinated organic degreasing solvents were used in the
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manufacturing process, and it hias been alleged that during CDE’s period of operation, the
company disposed of PCB-containing materials and other hazardous substances at the
facility. It has been reported that the rear of the property was saturated with transformer
oils and capacitors were also buried behind the facility during the same period (FWENC,
2002).

Since CDE’s departure from the facility in 1962, it has been operated as a rental property
consisting of commercial and light industrial tenants. Numerous tenants have occupied
the complex. In 2007, the USEPA began implementing the OU2 ROD with the relocation
of the tenants at the industrial park and demolition of the 18 buildings. Relocation of the
tenants was completed in mid-2007; demolition of the buildings was completed in May
2008; and OU2 soil remedial activities are ongoing. A Plan View of the former CDE
facility, showing the location of former buildings, is shown on Figure 1-2 in the RI
Report. '

The developed portion of the facility (the northwestern portion) comprised approximately
45 pércent of the total land area and contained temporary asphalt capping following
building demolition, a system of catch basins to channel stormwater flow, and paved
roadways. Several of the catch basins drained into a stormwater collection system with
outfalls that discharge at various locations along Bound Brook. The other 55 percent of
the property was predominantly vegetated before OU2 remedial activities began. The
central part of the undeveloped portion was primatily an open field, with some wooded
areas to the northeast and south, and a deteriorated, partially paved area in the middie of
the undeveloped portion of the facility. The northeast and southeast boundaries consist
primarily of wetland areas adjacent to Bound Brook, which flows from the eastern corner
across the northeastern border of the undeveloped portion of the facility (FWENC, 2002).
Once OU2 remedial activities are completed (anticipated to be late 201 1) the entire
former CDE facility will be covered by an asphalt cap with a storm water collection
system. :

1.2. Previous OU3 Investigations

Environmental conditions at the former CDE facility were first investigated by the New
Jersey Department of Environmental Protection (NJDEP) in 1986. Subsequent sampling
by the NJDEP and USEPA revealed elevated concentrations of PCBs, VOCs, and
inorganic chemicals in soil, surface water, and sediment. In 1997, the USEPA conducted
a preliminary investigation of Bound Brook and also collected surface soil and interior
dust samples from nearby residential and commercial properties. These investigations led
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to fish consumption advisories for Bound Brook and its tributaries. As a result of these
sampling activities, the Site was added to the National Priorities List (NPL) in July 1998.
Between 1997 and 2000, the USEPA ordered several removal actions to be performed,
including:

n Removing PCBs in interior dust and soils at residential properties located west
and southwest of the former CDE facility.

| Paving driveways and parking areas, installing a security fence, and implementing
drainage controls at the property.

In 2000, an RI was conducted by Foster Wheeler, Inc. that included the collection of soil,
sediment, and building surface samples, as well as the installation and sampling of twelve
shallow bedrock monitoring wells (MW-01A, MW-02A, and MW-03 through MW-12).
Groundwater samples were also collected from a former production well (“Former
Production Well Number 3”) at the former CDE facility (FWENC, 2001b). Shortly
thereafter, the USEPA divided the Site into four OUs, as follows, to facilitate
investigation and remediation:

= OU1 addresses residential, commercial, and municipal properties in the vicinity of
the former CDE facility.

u OU?2 consists of former CDE facility soils and buildings.
L OUS3 consists of groundwater.
L] OU4 addresses Bound Brook.

RODs were issued for OU1 and OU2, respectively, in September 2003 and September
2004. This BHHRA was conducted as part of the RI/Feasibility Study (FS) for OU3.

In January 2008, seven deep bedrock wells (ERT-1 through ERT-7) were drilled by the

' USEPA to assess the hydraulic properties of the fractured bedrock and water quality of
the bedrock groundwater up- and down-gradient of the former CDE facility. The wells
were drilled to an average depth of 150 feet below ground surface (bgs). In February
2008, one additional deep bedrock well (ERT-8) upgradient of the former CDE facility
was also drilled. Prior to installation of these wells, groundwater samples for VOC
analysis were collected from multiple depths using packer sampling techniques, targeting
discrete water bearing zones within each well. ERT-1 through ERT-6 and ERT-8 were
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completed by the USEPA in June 2008 with FLUTe™ multi-port sampling devices. In
August 2008, groundwater samples were collected by the USEPA from these seven
FLUTe™ wells? and the twelve shallow bedrock monitoring wells and were analyzed for
VOCs, semi-volatile organic compounds (SVOC), pesticides, PCB Aroclors, and metals.
Figure 1-2 depicts the locations of the twelve shallow bedrock wells and eight deep
bedrock wells drilled prior to 2009. The historical groundwater data are presented and
summarized in Appendix B.

1.3. Physical Characteristics of the Site
The following is a general description of the physical characteristics of the Site.
1.3.1. Surface Features

Figure 1-3 contains a topographic map of the former CDE facility and surrounding areas.
As described above, the northwestern portion of the foriner CDE facility (comprising
approximately 45 percent of the total facility acreage) was developed and contained the
buildings that have since been demolished. The land in this northwestern portion was
gently sloping, with pre-building demolition elevations ranging from 70 to 82 feet above
mean sea level (msl). -

The remaining 55 percent of the land area was undeveloped and predominantly
vegetated. The central part of the undeveloped portion was primarily an open field, with
some wooded areas to the south and a paved area in the middle. Topography dropped
steeply to the northeast and southeast, and the eastern portion of the property consists
primarily of wetlands bordering Bound Brook. Elevations range from approximately 71
feet above msl at the top of the bank to approximately 60 feet above msl along the Bound
Brook (FWENC, 2001b). ‘

1.3.2. Climate

The climate for Middlesex County is classified as temperate. Polar continental air masses
control the region’s winter weather and tropical air masses control summer weather.
Although the heaviest rains are produced by coastal storms of tropical origin, a portion of
the air masses originate from the Great Lakes. Prevailing winds are from the northwest
from October through April, and from the southwest the remainder of the year.

2 ERT-7 was not construqted as a FLUTe™ well until September 2009; therefore, groundwater samples>
were not collected from ERT-7 in August 2008.
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In South Plainfield, the temperature ranges from an average of 29°F in January to 75°F in
July, with an average annual temperature of about 53°F (FWENC, 2002). Summer
temperatures occasionally exceed 100°F and temperatures in the middle to upper 80’s
(°F) occur frequently. Winter temperatures generally are not below 20°F for long time
periods (FWENC, 2002). The average annual precipitation is approximately 49 inches.
Precipitation occurs fairly evenly throughout the year.

1.3.3. Geology

The Site lies within the Piedmont Physiographic Province of New Jersey (Fenneman, -
1938). The following contains a brief description of the surficial and bedrock geology of
the Site. More extensive information is presented in the RI Report.

1.3.3.1. Surficial Geology

Quaternary and pre-Quaternary glacial and glacial-fluvial deposits overlie bedrock across
much of the northern portion of New Jersey. Based on regional surficial geologic
mapping for the area, unconsolidated deposits in the vicinity of the Site include sandy,
silty clay to clayey, silty sand containing some shale, mudstone, and sandstone fragments.
As shown on Figure 4-1 in the RI Report, these deposits are associated with recent
alluvial and wetland (swamp and marsh) deposition and earlier glaciofluvial plain
deposits. Extensive eolian (wind-driven) deposits are present to the west of the Site,
derived from the earlier glaciofluvial plain deposits to the north and east of the Site.
Surficial deposits underlying the Site are generally identified as regolith derived from
weathering of shale, mudstone, and sandstone. The unconsolidated deposits are up to 30
feet thick regionally, but are generally less than 10 feet thick (FWENC, 2002) in the-
vicinity of the Site.

1.3.3.2. Bedrock Geology

The Site is located within the Newark Basin, which is a tectonic rift basin that covers
roughly 7,500 square kilometers extending from southern New York through New Jersey
and into southeastern Pennsylvania. The basin is filled with Triassic-Jurassic sedimentary
and igneous rocks that are tilted, faulted, and locally folded.

The Passaic Formation (historically known as the Brunswick Formation) occupies an
upper unit of the Newark Supergroup rocks in the Triassic-J urassic Newark Basin and is
the thickest and most aerially extensive unit in the Newark Basin. This formation consists
of mostly red cyclical lacustrine clastics including mudstone, siltstone, and shale, with
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minor fluvial sandstone (Michalski and Britton, 1997). The reddish color originates from

reworked hematite, which occurs in 5-10 percent of the unit. The Site is located

* immediately south of the contact between the Passaic Formation mudflat deposits, which
are a thickly bedded mudstone, and the Passaic Formation, which is often thinly bedded

sandstone and siltstone. ' :

1.3.3.3. OU3 Geology

Unconsolidated deposits at the former CDE facility range in thickness from 0.5 to 15 feet
and generally thicken to the east towards Bound Brook. Natural unconsolidated materials,
consisting primarily of red-brown silt and sand with silt and clay layers, are generally
intermixed with urban fill materials (including cinders, ash, brick, glass fragments, metal,
and other detritus) throughout the former CDE facility and vicinity. A thin (surface to 15
feet bgs) layer of weathered bedrock overlies competent bedrock, consistent with the
weathered bedrock identified by regional surficial geologic mapping. This material
primarily consists of heavily weathered siltstone and shale material with a heterogeneous
texture ranging from silt to fine sand, with some zones of angular, silty gravel and silty
clay. '

The top of competent bedrock underlying the former CDE facility ranges from 4 to 15
feet bgs, except in the northwestern portion of the facility where bedrock was present
immediately beneath the building foundations. Based on boring log data for wells
installed during the RI (See Appendix D in the RI Report), the bedrock at the Site

* consists primarily of red-brown to dark brown mudstone, siltstone, and shale consistent
with the upper Passaic Formation. Boring logs from wells to the north of the former CDE
facility are generally indicative of Passaic Formation mudstone facies, while cores from
the former CDE facility and areas southwest and east of the facility show siltstone and
shale. The bedrock units range from massive rock with few features to highly laminated
beds. The bedrock units are consistently fine-grained in texture, with numerous calcified
veins and vugs throughout. Bedrock associated with the older Lockatong and Stockton

. formations was not encountered in bedrock cores from OU3.

Bedrock boring logs and borehole acoustical televiewer data (See Appendix F in the RI
Report) indicate that numerous fracture zones are present in the bedirock from the surface
to approximately 600 feet bgs, the maximum drilled depth. The shallow bedrock units are
heavily fractured and weathered, with significant shallow fracture in-filling with
weathered material ranging in texture from silt/clay to sand. Shallow fractures are
generally more open in the shallow bedrock and become less open with depth. The
bedrock contains heavily fractured zones that occur along the bedding planes (parallel to
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sub-parallel). Weathered fracture zones within the bedrock ranged from near horizontal to
near vertical. Pole to plane projections of the fracture data interpreted from the acoustical
televiewer data (See Appendix F, Figure F-1 in the RI Report) show that the majority of
these features are relatively low angle, ranging from 10 to 30 degrees from horizontal,
consistent with the regional character of the Passaic Formation.

1.3.4. Hydrogeology

The following contains a brief description of the regional and OU3 hydrogeology. More
extensive information is presented in the RI Report.

1.3.4.1. Regional Hydrogeology

The Passaic Formation contains an aquifer that is used as a source of potable water for
some of the communities surrounding the former CDE facility. Numerous private,
industrial, and municipal wells tap the formation, with reported pumping rates that range
from a few to several hundred gallons per minute. The Passaic Formation generally forms
tabular aquifers and confining units that are several tens of feet thick. Groundwater
movement is primarily through bedding plane fractures and steeply dipping
interconnected fractures and dissolution channels (secondary permeability). A very
Jimited amount of groundwater flows through the interstitial pore spaces between silt or
sand particles because of compaction and cementation of the formation (primary
permeability). Differences in permeability between layers resulting from variations in
fracturing and weathering may account for many water bearing units.

Groundwater in the Passaic Formation is often unconfined in the shallower, more
weathered part of the aquifer and confined in the deeper part of the aquifer. Silt and clay
derived from the weathering process typically fill fractures, thereby reducing
permeability. This relatively low permeability surface zone reportedly extends 50 to 60

feet bgs (Michalski, 1990). Groundwater in the deeper portion of the Passaic Formation is

generally confined. Recharge is by leakage through fractures in the confining units. Local
and regional groundwater discharge boundaries include surface water bodies like Bound
Brook. However, municipal pumping centers (water wells) account for most of the
regional groundwater discharge.

1.3.4.2. OU3 Hydrogeology

The bedrock aquifer in OU3 is separated into three hydrogeologic units or water bearing
zones, identified as the “shallow”, “intermediate”, and “deep” water bearing zones.

Comell-Dubilier Electronics Superfund Site
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‘The shallow water bearing zone is unconfined and extends from the water table to a depth
of approximately 120 feet bgs (bedrock). As described above, the water table fluctuates
from the unconsolidated deposits into bedrock due to many factors including seasonal
precipitation and the effects of nearby pumping. The groundwater encountered in the
unconsolidated deposits is interpreted as part of the shallow unconfined bedrock aquifer.
The shallow water bearing zone is potentially hydraulically connected to surface water
bodies such as Bound Brook, Cedar Creek, and Spring Lake. The intermediate and deep
water bearing zones, located below 120 feet bgs, are confined.

Groundwater movement in the highly fractured shallow water bearing zone behaves like
an equivalent porous medium (EPM) (e.g., sand and gravel aquifer). This is evidenced
by the Theisian behavior of the aquifer in response to pumping during the Integrated
Pumping Test (See Section 5.12, Appendix L of the RI Report). Groundwater movement
in the intermediate and deep water bearing zones also has some characteristics of an
EPM; however, there is some evidence that the lack of horizontal and vertical fractures in
some locations influence groundwater movement. Each of these water bearing units is
described below.

Shallow Water Bearing Zone: The shallow water bearing zone is monitored by the
uppermost port in each of the miulti-port systems and the shallow bedrock wells
constructed at the former CDE facility. An evaluation of current shallow bedrock
groundwater levels compared to those collected during previous investigations indicate
that current shallow bedrock aquifer water levels are approximately five feet higher than
‘they were during the Foster Wheeler RI (FWENC, 2001b). The water level variations are
interpreted to be the result of historical groundwater pumping near Spring Lake, which
was gradually reduced and ultimately stopped in 2003.

Intermediate Water Bearing Zone: The intermediate water bearing zone marks the
transition between the shallow and deep water bearing zones. This zone is interpreted to
be confined and is monitored by the ports in each of the multi-port systems between 120
feet and 160 feet bgs. The fractures in the intermediate water bearing zone exhibit less in-
filling with sediment and exhibit an increased permeability in md1v1dual fractures as
compared to the shallow water bearing zone.

Deep Water Bearing Zone: The deep water béaring zone is confined and exhibits an

increased permeability, due to fractures being more open with less in-filling of material

due to weathering. This zone is monitored by the ports in each multi-port system between
200 and 240 feet bgs. This depth range was selected to characterize the deep water
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bearing zone because it has a dense network of ports, which facilitates data contouring
and interpretation.

A plot of groundwater elevations collected in July 2010 from the shallow bedrock wells
and the most shallow sampler port in each of the multi-port wells was used to
characterize the shallow water bearing zone (See RI Report, Figure 4-5). The data show
that the potentiometric surface is generally controlled by elevation, with groundwater in
the shallow water bearing zone potentially discharging to Bound Brook, Cedar Brook,
and Spring Lake. Groundwater in the shallow water bearing zone forms a mound at the
former CDE facility, moving north and east from the facility toward Bound Brook, and
northwest toward the low-lying area at the confluence of Bound Brook and Cedar Brook.
Groundwater elevations in wells MW-19, MW-20, and MW-21 in the northwestern
portion of OU3 reflect the influence of the Park Avenue wellfield. To the northeast of the
former CDE facility, immediately across Bound Brook, groundwater movement in the
shallow water bearing zone is generally toward the west.

A plot of groundwater elevations from multi-port sampler ports located between 120 and
160 feet bgs was used to characterize the intermediate water bearing zone (See RI Report,
Figure 4-6). Groundwater movement in this zone is primarily to the north.

A plot of groundwater elevations from multi-port sampler ports between 200 and 240 feet
bgs were used to characterize the deep water bearing zone (See RI Report, Figure 4-7).
Groundwater movement in this zone is primarily to the north.

1.3.5. Demography and Land Use

South Plainfield is located at 40°34'51"N, 74°24'50"W and is bordered by Piscataway on
the south and west, Edison on the east, and Plainfield on the north. The former CDE
facility is currently zoned for commercial/industrial use. As shown on Flgure 1-4, land
uses surrounding the former CDE facility are primarily commercial/light industrial to the
northeast and east, residential to the south and north, and mixed residential/commercial to
the west. The area within 1.5 miles of the former CDE facility contains eight schools and
five parks. Two elementary schools are located approximately 2,000 feet from the former
CDE facility (one to the north and the other to the south).

According to the 2006 Census, South Plainfield has an estimated population of
approximately 22,795 people with a total land area of approximately 8.4 square miles
(city-data.com), of which 8.36 square miles (99.52%) is land and 0.04 square miles
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(0.48%) is water. South Plainfield’s population includes Caucasian (78%), African
American (9%), Asian (8%), and Hispanic and other racial and ethnic groups (5%).

1.4. Baseline Human Health Risk Assessment Overview

This BHHRA is an evaluation of potential human health risks associated with chemicals
detected in groundwater. The BHHRA follows the four-step process typically used to
assess potential human health risks (USEPA, 1989; NRC, 1983). The four steps are:

Data Evaluation: Relevant groundwater data are compiled and analyzed to determine
the usability of the data and to select chemicals of potential concern (COPC) in
groundwater.

Exposure Assessment: Actual and/or potential chemical release and transport
mechanisms are ideritified, potentially-exposed human populations and possible exposure
pathways are described, concentrations of COPCs at potential points of human exposure’
are determined, and human exposures to the COPCs are estimated.

Toxicity Assessment: Qualitative and quantitative toxicity jnformation for each COPC
are summarized and toxicity values used to characterize risks are identified.

- Risk Characterization: The likelihood and magnitude of adverse health effects, in the
form of non-cancer hazard quotients and incremental lifetime cancer risks, are estimated.
Sources of uncertainty in the BHHRA are noted and discussed.
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2. Data Evaluation

The data evaluation focuses on the compilation of usable chemical data and the selection
of COPCs in groundwater. The data described below were used to calculate
representative chemical concentrations to which humans may be exposed, through the
pathways described in RAGS Part D Table 1 (see Appendix A). While historical data
from previous OU3 investigations are summarized herein, they were not included in the

. quantitative assessment of human health risks.

Groundwater samples are available from the twelve shallow bedrock wells and eight deep
bedrock wells® discussed in Section 1.2, in addition to thirteen deep bedrock wells (MW-
13, MW-14S, MW-14D, MW-15S, MW-15D, and MW-16 through MW-23) installed as
FLUTe™ wells from January 2009 to December 2010 and a former production well
(FPW) that was discovered during field investigations and converted to a FLUTe™ well
in October 2009. Table 2-1 lists the groundwater monitoring wells and screened interval
for each shallow bedrock well or FLUTe™ well sampler port. In general, groundwater
samples were collected from between two and nine discrete depth intervals in each

FLUTe™ well. Figure 2-1 depicts the location of each groundwater monitoring well on
the Site.

Groundwater samples were collected from all wells in October 2009 and March-April
2010 and were analyzed for VOCs, SVOCs, pesticides, PCB Aroclors, metals (including
mercury), and cyanide. Groundwater samples were collected from a subset of 24 wells in
March-April 2010 and July 2010 for PCB congener and dioxin/furan analyses. The 24
shallow bedrock wells or FLUTe™ well sampler ports from which samples for PCB
congener and dioxin/furan analyses were collected are noted on Table 2-1. Generally,
selection of the individual wells/ports for PCB congener and dioxin/furan analyses was
based on the positive (i.e., detected) concentrations of PCB Aroclors in groundwater
samples from October 2009 and the spatial distribution (horizontal and vertical) of the _
wells/ports selected for analysis. In December 2010 and March 2011, groundwater
samples were collected from only the newly-installed MW-23 and were analyzed for
VOCs, SVOCs, pesticides, PCB Aroclors, metals (including mercury), and cyanide.

* ERT-7 was converted into a FLUTe™ well in September 2009.
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2.1. Data Usability

Table 2-2 presents a summary of analytical methods and data validation performed for
the groundwater samples described above. As indicated, the samples were analyzed by
USEPA Contract Laboratory Program (CLP) statements of work. The analytical data
were validated by the USEPA, Region 2 Hazardous Waste Support Branch. Generally,
the data characteristics used to satisfy the quality assurance/quality control requirements
included precision, accuracy, representativeness, comparability, detection limit
verification, and blank contamination elimination or qualification. Based on review of the
available data validation reports, the majority of the groundwater data is of acceptable
quality overall but subject to the data validator’s qualifying remarks.

Following review of the validated PCB congener data from samples collected in March-
April 2010 and July 2010, it was decided not to use the March-April 2010 PCB congener
data from MW-11 in this BHHRA. These data were qualified by the USEPA data
validator as non-detect at elevated reporting limits due to method blank and equipment
rinseate blank contamination.* Therefore, it was decided to use only the July 2010 PCB
congener data from MW-11. In addition, because the PCB congener data are evaluated on
the basis of their toxicity relative to that of 2,3,7,8-tetrachlorodibenzo(p)dioxin (2,3,7,8-
TCDD) and factor into the calculation of 2,3,7,8-TCDD toxic equivalence (termed

© 2,3,7,8-TCDD TEQ), the March-April 2010 dioxin/furan data from MW-11 also were not

used in this BHHRA.

Given the relatively elevated concentrations of some chemicals detected in groundwater
samples from monitoring wells on the former CDE facility, an evaluation of reporting
limits for non-detected chemicals was carried out. This was completed to address
concerns that the laboratory analysis of chemicals present at elevated concentrations
(specifically the peaks of these chemicals and dilutions performed to bring them within
the calibration range) may have masked the presence and affect interpretation of the
distribution of other chemicals in groundwater.

Table 2-3 presents the range of reporting limits for chemicals qualified as non-detect. The -
maximum reporting limits are compared to the chemical-specific USEPA Regional
Screening Levels (RSL) for tapwater (USEPA, 2011a), where available, which are the

* The MW-11 samples collected from the same depth intervals in July 2010 revealed positive
concentrations. For more information on the review of the PCB congener data, refer to the Draft RI Report
Appendix K.3, Cornell-Dubilier OU3 Groundwater Event 2 Quality Control Summary Report.
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screening toxicity values used to identify COPCs in this BHHRA. The RSLs are based on
either a target non-cancer hazard quotient (HQ) of 0.1 or a target cancer risk of one-in-a-
million (10°®). A range of human health risk-based sereening values is also presented,
consistent with the evaluation of reference limits presented in Worksheet #15 of the
Quality Assurance and Project Plan (QAPP) for OU-3 (Malcolm Pirnie, 2008a). For
RSLs based on non-cancer health effects, the range of screening values is based on a
target non-cancer HQ of 0.1 and 1. For the cancer risk-based RSLs, the range of
screening values is based on a target cancer risk level of 10 and 10

As shown in Table 2-3, the maximum reporting limit for some chemicals exceeds the
corresponding USEPA RSL for tapwater. For VOCs, PCB Aroclors, and pesticides, the
reporting limits are consistently greater than the RSLs, even where the RSLs are
alternatively presented on an HQ basis of 1 or cancer risk basis of 10, The reporting
limits for approximately half of the non-detected SVOCs do not exceed the RSLs, and
where the reporting limit is greater than the RSL based on either an HQ of 0.1 or cancer
risk of 10, most are within the range of risk-based screening levels presented. Given this
evaluation, it is possible that elevated detection limits may have masked the presence of
individual VOCs, PCB Aroclors, and pesticides. However, it is not likely that this source
of uncertainty will affect the RI/FS conclusions.

2.2. Historical Groundwater Data Evaluation

Historical groundwater data were not used in the quantitative assessment of human health

risks. However, they were evaluated by comparing maximum detected concentrations to
USEPA RSLs for tapwater.

Appendix B, Table B-1 lists the shallow, unconsolidated groundwater samples (referred
to as “shallow bedrock groundwater,” “test pit seep,” and “perched groundwater”)
collected by Foster Wheeler from June to October 2000. As shown, shallow bedrock
groundwater samples are from the twelve monitoring wells (MW-01A, MW-02A, and
MW-03 through MW-12) and “former Production Well Number 3” (two depths, shallow
- and deep) located at the former CDE facility. Groundwater samples from all wells were
analyzed for VOCs, SVOCs, pesticides, PCB Aroclors, metals, and cyanide. Samples
from MW04, MW09, and MW11 were also analyzed for PCB congeners and
dioxins/furans. A summary of Foster Wheeler’s shallow bedrock groundwater data is
presented in Appendix B, Table B-2. Results of duplicate samples collected from MW11
were averaged with those of the corresponding originals.
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A summary of Foster Wheeler’s test pit seep and perched groundwater data is presented
in Appendix B, Table B-3. Groundwater encountered during excavation of the test pits
was sampled using a clean glass bottle clipped to a steel pole or attached to a wire line
(FWENC, 2001b). These groundwater samples were analyzed for VOCs, SVOCs,
pesticides, PCB Aroclors, metals, and cyanide. Groundwater encountered during drilling
of the monitoring well boreholes for MW-01 through MW-12 was collected using a
disposable polyethylene bailer through hollow stem augers, and samples were analyzed
for VOCs and PCB Aroclors (FWENC, 2001b).

A summary of the shallow and deep bedrock groundwater data collected by the USEPA

. in 2008 is presented in Appendix B, Table B-4. As described in Section 1.2, the USEPA

“collected groundwater samples from seven FLUTe™ wells and twelve shallow bedrock
monitoring wells. Groundwater samples were analyzed for VOCs, SVOCs, pesticides,
PCB Aroclors, and metals. In Table B-4, results of duplicate samples were averaged with
those of the corresponding originals.

The list of VOCs, SVOCs, pesticides, PCB Aroclors, and metals detected in historical
groundwater samples from the former CDE facility is consistent with those detected in
groundwater samples collected across the Site during this RI. The chemicals that would
be identified as COPCs based on comparison to the USEPA RSLs for tapwater is also
similar to the list of COPCs identified using the more recent groundwater data. Therefore,
the potential for adverse health effects from exposure to the chemicals detected in

historical groundwater samples was addressed by the quantitative evaluation presented in
this BHHRA.

2.3. Groundwater Exposure Units

As described in OU3 Hydrogeology (Section 1.3.4.2), the bedrock aquifer was divided
into “shallow,” “intermediate,” and “deep” water bearing zones to describe the
hydrogeology and distribution of contamination. The shallow bedrock aquifer is
unconfined, and groundwater movement is generally controlled by elevation, with
evidence of potential shallow groundwater discharge to Bound Brook. Groundwater
movement in the intermediate and deep water bearing zones is primarily to the north.
These zones do not exhibit evidence of potential groundwater-surface water interaction. -

Consistent with this conceptual understanding of OU3 hydrogeology and to facilitate
evaluation of the potential for human exposure through the pathways described in RAGS
Part D Table 1, multiple groundwater exposure units were established for this BHHRA.
The first exposure unit consists of the entire aquifer. A second exposure unit consists
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only of shallow groundwater, generally defined as groundwater from the shallow bedrock
monitoring wells and the most shallow sampler port in each of the FLUTe™ multi-port
wells. Shallow groundwater was further separated into onsite’ and offsite exposure units,
because relatively higher chemical concentrations were detected in groundwater samples
from the onsite monitoring wells. Lastly, because there is evidence of potential shallow
groundwater discharge to Bound Brook, offsite groundwater was further separated into
two exposure units relative to (i.e., north or south of) Bound Brook.

In summary, the following groundwater exposure units were established for the purposes
of this BHHRA: .

u Entire aquifer — includes groundwater data from all wells and across all sample
.depths. However, groundwater data from ERT-8 was not included, because it is
an upgradient well considered representative of background conditions.

n Shallow onsite groundwater data — includes groundwater data from the shallow
bedrock monitoring wells and the most shallow sampler port in each multi-port
well located within the former CDE facility property boundary.

n Shallow offsite groundwater data, south of Bound Brook — includes groundwater
data from the most shallow samipler port in each multi-port well located outside
the former CDE facility property boundary and south of Bound Brook.
Groundwater data from ERT-8 were not included, because it is an upgradient well
considered representative of background conditions.

| Shallow offsite groundwater data, north of Bound Brook — includes groundwater
_data from the most shallow sampler port in each multi-port well located outside
the former CDE facility property boundary and north of Bound Brook.

Table 2-4 lists the monitoring wells included in each of the three shallow groundwater
data sets.

Based on the direction of groundwater flow, as shown on potentiometric surface maps,
and on the current understanding of the historical pumping of nearby wellfields, the RI
Report established that aqueous mass from the former CDE facility has been interpreted
to not extend to ERT-5 and ERT-6 in the intermediate zone, and MW-18 in the deep

3 In this case and throughout the BHHRA, “onsite” and “offsite” refer to locatxons relative to the property
boundary of the former CDE facility.
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zone. Therefore, data from these offsite wells, located west of the former CDE facility,
were excluded from the delineated aqueous mass in Figures 5-12 and 5-13 of the RI
Report. Regardless, these wells were included in the “entire aquifer” and “shallow offsite
groundwater, south of Bound Brook” data sets evaluated in this BHHRA. To determine
the contribution that groundwater data from these wells make to the baseline cancer risks
and non-cancer hazards estimated in this BHHRA, a separate evaluation of the
groundwater data from only ERT-5, ERT-6 and MW-18 is presented in the Uncertainty
Evaluation. '

2.4. Selection of COPCs in Groundwater

To focus the BHHRA on those chemicals that, if contacted, have the greatest potential to
pose human health risks, the list of detected chemicals in each groundwater exposure unit
was narrowed to a list of COPCs, according to the following screening process:

B Chemicals designated by the USEPA as Class A or known human carcinogens
were identified as COPCs regardless of the other selection criteria. The following
chemicals in groundwater are Class A carcinogens: benzene, vinyl chloride,
arsenic, and chromium VI (used as a conservative screen for total chromium
sample results).

| Detected chemical concentrations were compared to the USEPA RSLs for
tapwater (USEPA, 2011a). The RSLs for tapwater are protective of chronic
exposures via ingestion and inhalation (of volatile chemicals only) routes;
exposure via dermal contact was not included in the derivation of RSLs for
tapwater. The RSLs are based on a target cancer risk of 10 or a target non-cancer
HQ of 1. Consistent with USEPA, Region 2 guidance for screening sites with
multiple contaminants, RSLs based on non-cancer effects were reduced by a
factor of 10 to represent a target HQ of 0.1. Chemicals with maximum
concentrations greater than the screening levels were identified as COPCs.

B The essential nutrients (i.e., calcium, magnesium, potassium, and sodium) were
categorically eliminated as COPCs.

B Finally, following USEPA (1989) guidance, for sample sizes greater than or equal
to 20, if the detection frequency of a chemical was less than 5% and chemical
contamination was not biased toward any given area, it was eliminated as a
COPC.
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The OU3 groundwater data summaries and selection of COPCs in each exposure unit are
presented in RAGS Part D Tables 2.1 to 2.4 (see Appendix A). The range of detected
concentrations, data qualifiers, location of maximum detected concentration, frequency of
detection, range of detection limits, concentration used for screening, screening toxicity
value (i.e., USEPA RSL), COPC flag, and the rationale for elimination or selection of a
chemical as a COPC are provided. Background values presented in RAGS Part D Table
2s are detected concentrations in ERT-8. The background values and potential
ARARS/TBCs (Applicable or Relevant and Appropriate Requirements/To Be
Considered) were presented for information purposes only. The groundwater COPCs that
were evaluated in this BHHRA are summarized by exposure unit in Table 2-5.

A few of the detected chemicals did not have RSLs. With few exceptions, chemicals
without RSLs were retained as COPCs; they were only eliminated as COPCs where they
were infrequently detected (as defined above). .

RSLs were not available for PCB congeners and were only available for two individual
dioxin/furan congeners: 2,3,7,8-TCDD and 1,2,3,6,7, 8-hexachlorodibenzo-p-dioxin
(HxCDD). Rather than evaluating each PCB congener and dioxin/furan congener
separately, the current practice recommended by the USEPA (2010b) is to assess
mixtures of dioxins/furans and PCBs that exhibit dioxin-like toxicity on the basis of their
predicted toxicities relative to what is known about the toxicity of 2,3,7,8-TCDD. Twelve
PCB congeners and seventeen dioxin/furan congeners have been assigned 2,3,7,8-TCDD
toxic equivalence factors (TEF) according to the 2005 World Health Organization
(WHO) TEQ weighting scheme (USEPA, 2010b). Within a sample, detected PCB
congener and dioxin/furan congener concentrations were multiplied by the congener-
specific TEF, and the sum of the adjusted concentrations was calculated as 2,3,7,8-TCDD
TEQ. For this reason, the groundwater data tables (i.e., RAGS Part D Table 2s) present a
summary of PCB congeners and dioxin/furans on a 2,3,7,8-TCDD TEQ basis. The

toxicity values used to evaluate the potential for human health risk were specific to
2,3,7,8-TCDD.

While the RAGS Part D Table 2s present summaries for the individual PCB Aroclor
mixtures (e.g., Aroclor 1248) detected in groundwater, the sum of detected PCB Aroclor
concentrations within a sample was calculated and used in the human exposure
calculations. The toxicity values used to evaluate the potential for human health risk were
specific to Aroclor 1254 or total PCBs, as available.
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3. Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of human
exposure to the COPCs in groundwater. The human exposure scenarios evaluated in this
BHHRA are based on the anticipated future commercial/industrial use of the former CDE
facility and the current and most likely future land uses at the Site, as described in
Section 1.3.5.

In addition, a well search for a 1-mile radius of the former CDE facility was performed in
October 2009 by the NJDEP Bureau of Water Systems and Well Permitting. Wells for
commercial, domestic, irrigation, industrial, public non-community, and public supply
uses are located within 1 mile of the former CDE facility. Figure 3-1 shows the locations
of these wells relative to the OU3 groundwater monitoring wells on the Site.

3.1. Chemical Release and Transport Mechanisms

As described previously, CDE reportedly disposed of PCB-contaminated materials and
other hazardous substances directly on facility soils. Therefore, facility soils are
considered the primary source of contamination at the Site. Secondary release
mechanisms that can facilitate the migration of chemicals include infiltration and
percolation through soils to groundwater, vapor emissions to indoor and outdoor air, and
potential groundwater migration/discharge to surface water and sediment of nearby
wetlands and surface water bodies (e.g., Bound Brook).

3.2. Potential Exposure Pathways and Potentlally-Exposed
Populations

This BHHRA focuses on groundwater as a secondary source of contamination.
Evaluation of the groundwater pathway considers the following:

] The potential for contact with dissolved chemicals during either potable or non-
potable use of the groundwater in or on residential, commercial/industrial, and
other properties throughout the Site.

] Vapor emissions to outdoor air on properties throughout the Site. This may occur
following passive diffusion of volatile chemicals from groundwater through the
bedrock and overburden materials to outdoor ambient air, or from volatilization
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off of pooled groundwater surfaces exposed to ambient air, such as in a utility
trench or other excavation. Due to the uncertainties associated with quantitatively
modeling ambient air concentrations following volatilization from groundwater
that may include DNAPL in fractured bedrock, the pathway by which volatile
chemicals migrate through the bedrock and overburden to outdoor ambient air
was qualitatively evaluated. The latter pathway by which volatile chemicals may
be released from groundwater that pools at the bottom of an excavation was -
quantitatively evaluated.

\

Generally, the exposure concern with potable use of groundwater is the potential for
ingestion of chemicals detected in the groundwater and inhalation of and dermal contact
with chemicals in the groundwater during routine household uses (e.g., bathing,
cleaning). Non-potable use of the groundwater may be for sanitary, process, irrigation, or
other non-consumptive purposes. The exposure concern with non-potable use of the
groundwater is the potential for dermal contact with and inhalation of chemicals in the
groundwater.

The potential for adverse health effects from inhalation exposure to volatile chemicals
that may migrate from groundwater to indoor air through cracks in building foundations
was not evaluated in this BHHRA. This exposure pathway is being addressed by the
USEPA, separate from this RI. In addition, the potential for exposure to chemicals in
groundwater that migrates to surface water and sediment of Bound Brook was not
evaluated in this BHHRA. These exposure pathways will be addressed during the RI for
OU4.

- The potential for exposure was evaluated for a number of current and future scenarios
outlined in RAGS Part D Table 1 (see Appendix A). The scenario time frame, medium,
exposure medium, exposure point, receptor population, receptor age, exposure route, type
of analysis and rationale for selection ot exclusion of an exposure pathway are provided.

The following receptor populations may be exposed to COPCs in groundwater:
Current/Future Scenario

= Commercial/Industrial Workers: (adults) who perform work within and outside
the boundaries of the former CDE facility. Based on the well search, potable,
sariitary, and/or process use of groundwater is possible. Potential exposure
pathways and routes of exposure for commercial/industrial workers are dermal
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3.3.

contact and inhalation of chemicals in groundwater.® In addition, éxposure to
volatile chemicals that migrate from groundwater to outdoor air may occur.

Residents: (adults) who may live outside the boundaries but within the vicinity of
the former CDE facility. Based on the well search, potable use of groundwater is
possible. Potential exposure pathways and routes of exposure for adult residents
include ingestion, dermal contact, and inhalation of chemicals in groundwater. In
addition, exposure to volatile chemicals that migrate from groundwater to outdoor
air may occur.

Residents: (children, aged 0-6 years) who may live outside the boundaries but
within the vicinity of the former CDE facility. Based on the well search, potable
use of groundwater is possible. Potential exposure pathways and routes of
exposure for child residents include ingestion, dermal contact, and inhalation of
chemicals in groundwater. In addition, exposure to volatile chemicals that migrate
from groundwater to outdoor air may occur. ‘

Construction/Utility Workers: (adults) who may perform short-term intrusive
work for construction or utility installation, maintenance, or repair.
Construction/utility workers may be exposed to chemicals in shallow groundwater
encountered during subsurface excavations. Depths of perched water zones
encountered by Foster Wheeler were variable across the former CDE facility, but

~ they typically occurred in the range of 4 to 8 feet bgs. Potential exposure

pathways and routes of exposure include dermal contact with chemicals in
groundwater (e.g., that infiltrates and pools at the bottom of an excavated trench)
and inhalation of volatile chemicals that may migrate from pooled groundwater to
outdoor air above an excavation. In addition, exposure to volatile chemicals that
migrate from groundwater to outdoor air may occur.

Data Utilization

In utilizing the analytical data to derive representative EPCs to which humans may be
exposed, analytical results of duplicate samples were averaged with those of the
corresponding originals. In calculating the arithmetic average of original and duplicate

® The potential exposure of commercial/industrial workers through ingestion of potable groundwater was
not evaluated in this BHHRA. Due to the greater frequency and duration of exposure, evaluation of
ingestion exposures to resident adults and children is considered protective of commercial/industrial
workers as well. :
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samples, if a COPC was present in one sample but non-detect in the other, the COPC was
assumed to be present in the non-detect sample at a concentration equivalent to one-half
the sample reporting limit. Data assigned a qualifier, indicating that the numerical value
is an estimated quantity or that the identity and quantity are based on presumptive
evidence, were treated the same way as data without such qualifiers.

3.3.1. COPC Concentrations in Groundwater

Representative EPCs were calculated from the available/useable groundwater data sets
described above. To evaluate the exposure of commercial/industrial workers and resident
adults and children, EPCs were derived using the entire aquifer data set, assuming that
groundwater from across the Site is in communication. This approach may overestimate
exposure to resident adults and children, because residential exposure to potable
groundwater is not expected to occur inside the former CDE facility boundaries.” To
evaluate the exposure of construction/utility workers, EPCs were derived for each of the
three shallow groundwater data sets.

The USEPA (1992a, 1989) recommends that the arithmetic average concentration of the
data be used for evaluating long-term exposure and that, because of the uncertainty
associated with estimating the true average concentration at a site, the 95% upper
confidence limit (UCL) on the arithmetic average be used as the EPC. The 95% UCL
concentration provides reasonable confidence that the true average will not be
underestimated. The USEPA also indicates that where there is a question about the
distribution of the data, a statistical test should be used to identify the best distributional
assumption for the data set (USEPA, 1992a). '

The ProUCL® 4.1.00 (ProUCL) program developed by the USEPA’s Technology
Support Center for Monitoring and Site Characterization was used to plot the data, test
the distributional assumptions, and calculate 95% UCL concentrations. When entering
data into ProUCL, if a COPC was not detected in a sample, the sample reporting limit
was entered as a proxy concentration and the sample result was coded as non-detect.
ProUCL contains rigorous parametric and nonparametric statistical methods that can be

7 Groundwater data from only the onsite monitoring wells, across all depths, was not quantitatively
evaluated as a separate “entire aquifer” exposure unit in this BHHRA. While chemicals were detected at
relatively elevated concentrations in the onsite vs. offsite monitoring wells, and there is the potential for
future potable use of groundwater within the former CDE facility boundaries (however unlikely), it was
assumed detected concentrations are elevated enough that the potential for human health risks is evident
without quantifying exposure and risk. To illustrate, groundwater data from only the onsite wells, across all
depths, were summarized and presented in Appendix C.
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used on full or uncensored data sets and on data sets with below detection limit
observations (also called left-censored data sets). Depending on the distribution and 95%
UCL estimation method, ProUCL will use only detected data or will incorporate
detection limits (USEPA, 2010a). In instances where the 95% UCL concentration
calculated by ProUCL was greater than the maximum detected concentration (e.g., .
2,3,7,8-TCDD TEQ in the shallow onsite groundwater data set), the maximum detected
concentration was retained as the EPC.

The EPCs for the COPCs in groundwater are presented in RAGS Part D Tables 3.1 to 3.4
(see Appendix A). The ProUCL output sheets (i.e., box plots and UCL concentrations)
for the individual COPCs are provided in Appendix D.

Evaluation of the box plots indicated the presence of potential upper-end statistical
outliers (either relatively elevated concentrations or sample reporting limits) in a number -
of groundwater data sets. These potential outliers were not removed from the data sets
used to calculate EPCs.® However, it was further observed that PCB Aroclors (1248,
1254) were detected in a few samples at concentrations greater than their aqueous
solubility limits and may therefore be present in those particular samples as non-aqueous
phase liquid (NAPL).” The total PCB Aroclor concentrations for those samples were
selectively removed from the applicable groundwater data sets. The following table
summarizes information on the particular samples, total PCB Aroclor concentrations
removed, aqueous solubility limits, and affected groundwater data sets. '

¥ The majority of relatively elevated chemical concentrations were detected in a few wells located within
the former CDE facility boundary. These concentrations were included in the entire aquifer and shallow
groundwater data sets used to calculate baseline cancer risks and non-cancer hazards representative of
exposure across the Site. This is a conservative evaluation, as the RI Report established the majority of
aqueous mass has diffused into the rock matrix, and that ongoing attenuation processes will likely limit
additional aqueous mass redistribution. To determine the relative contribution the elevated concentrations -
have to the baseline cancer risks and non-cancer hazards (and thereby better approximate cancer risks and
non-cancer hazards from exposure to groundwater outside the former CDE facility property boundary), an
alternate evaluation that excludes data from a few onsite monitoring wells is presented in Section 5.2,
Discussion of Cancer Risks and Non-cancer Hazards.

® As indicated in Section 5 of the RI Report, the presence of NAPL in MW-14, 4t the very least, was
indicated by the reactive liner and groundwater sample results. :
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. Aqueous October 2009 March/April 2010
7 Solubility Limit * MW-145-04 MW-11 MW-14S-02
Aroclor 1248 100 7,300 Not Detected Not Detected
Arqcior 1254 43 5,600 1980 7
Total PCB Aroclors _ - 12,900 190 101
Affected data set: Entire Aquifer Entire Aquifer; Entire Aquifer
Shallow Onsite

Notes:

Concentration units are pg/L.

*USDOE, 2011

Similarly, fuither evaluation of the PCB congener data revealed concentrations that are
also likely greater than aqueous solubility and therefore indicate the presence of NAPL.
Total detected PCB congener concentrations were calculated and compared to the
solubility limit for Aroclor 1254 (i.e., 43 pg/L). The following table summarizes
information on the particular samples, total detected PCB congener concentrations, .
corresponding 2,3,7,8-TCDD TEQ concentrations removed, and affected groundwater

data sets. '
Aqueous March/April 2010 July 2010
Solubility Limit * MW-12 MW-14S-04 |  MW-11 MW-12 | MW-145-04

Total PCB 43 1,504 67,666 321 222 80,753

Congeners

2,3,7,8-TCDD - 5.0E-04 2.1E-01 8.4E-04 1.0E-04 2.2E:01

TEQ

Affected data set: Entire Aquifer; Entire Entire Aquifer; Shallow Entire
Shallow Onsite Aquifer Ons:ite»Gropndwater Aquifer

Notes:
Concentration units are pg/L.

*USDOE, 2011

3.3.2. COPC Concentrations in Air

The EPCs for the volatile COPCs in outdoor or indoor air following release from
groundwater were estimated based on the EPCs for those COPCs in groundwater. The
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various techniques used to estimate COPC emissions and concentrations are presented in
Appendix E and summarized below.

Concentrations of the volatile COPCs in outdoor air (to evaluate potential exposure of
construction/utility workers) were estimated using an emissions equation recommended
by the USEPA (1995b), under the assumption that shallow groundwater infiltrates an
excavation and volatile COPCs are released from pooled water at the bottom of the _
excavation, and the USEPA-approved Point, Area, and Line source (PAL2.1) model
(USEPA, 1992b)."° As the depth to groundwater in some areas of the Site is greater than .
the depth a hypothetical utility trench would be, scenarios where volatile COPCs could be
released from the water table and diffuse through the overlying soil before infiltrating an
excavation are possible. However, evaluation of the pooled water scenario should be
adequé,tely protective of deeper water table conditions. As such, deeper water table
conditions were not evaluated further. ‘

Concentrations of the volatile COPCs in bathroom air during and after showering (to
evaluate potential exposure of resident adults and children) were estimated using the

* “Schaum model” (Schaum et al., 1992). A modified version of the Schaum model was

used to estimate concentrations of the volatile COPCs in air following emissions from
process water (to evaluate potential exposure of commercial/industrial workers). The.
exposure scenario assumed workers may use groundwater for process/industrial activities
(e.g., to wash vehicles or equipment) and volatile COPCs are emitted from the water to
ambient air within a closed environment (i.e., building).

3.4. Estimates of Chemical Intake/Exposure

Estimates of chemical intake and exposure were developed to portray reasonable
maximum exposure (RME) under current and future exposure scenarios. The RME
scenario considers the highest exposure that might reasonably be expected to occur, one
that is well above the average case of exposure but within the range of possibility. Use of
RME parameter values to model baseline human health risks is a conservative approach,
in that it yields upper bound cancer risk and non-cancer hazard estimates (USEPA, 1989).

' Newer air models that allow for a more site-specific assessment of chemical emissions were made
available in April 2010 (http://www.epa.goy/ttn/scram/dispersion_sc‘reenin'g.htm#aerscreen). These models
incorporate information on land use and surface characteristics specific to a site. It is unknown whether-

. volatile chemical concentrations in air predicted by the new models would be generally greater or less than

those predicted using the approach described in Appendix E. However, the air models used in this BHHRA
should be sufficiently conservative for risk screening purposes. .
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In accordance with USEPA Region 2 guidance, if risks in excess of USEPA acceptable
levels were determined for an exposure pathway, the pathway was then re-evaluated
using central tendency exposure (CTE) parameter values, where applicable, in place of
upper-bound values specific to the RME analysis (USEPA, 1995a).

3.41. Exposure Equations

The equations used to estimate human exposure are presented in RAGS Part D Tables 4.1
to 4.7 (see Appendix A). For commercial/industrial workers and residents, chronic
exposures were estimated. For construction/utility workers, where the exposure duration
(ED) is assumed to be one year, subchronic exposures were estimated.

3.4.11. Oral and Dermal Exposures

Application of the exposure equations results in daily intake for assessing oral exposure
or dermally absorbed dose (DAD) for dermal contact exposure, both of which are
expressed in milligrams per kilogram of body weight per day (mg/kg-day). The daily
intake is the amount of chemical at the exchange boundary. A fundamental assumption in
the estimate of the DAD is that absorption continues long after the exposure has ended
(USEPA, 2004). Thus, the dermally absorbed dose per event (DAeveny) is the total dose
dissolved in the skin at the end of the exposure.

The exposure equations require a chemical concentration or the average concentration
contacted over the exposure period (e.g., pg/L groundwater). In this BHHRA, this is the
95% UCL concentration, where applicable, or maximum detected concentration. The
equations also require a contact rate (i.c., the amount of contaminated medium contacted
per unit time or event), a body weight (i.e., the average body weight over the exposure
period), and an averaging time (i.e., the time period over which exposure is averaged).

The averaging time (AT) depends on the type of toxic effect being assessed. When
evaluating exposures for potential non-cancer health effects, intakes and dermally
absorbed doses were calculated by averaging over the period of exposure. This is
equivalent to the receptor-specific ED, described below, multiplied by 365 days/year.
When evaluating potential cancer risks, intakes and dermally absorbed doses were
calculated by prorating the total cumulative intake over a lifetime (i.e., lifetime average
daily intake). For calculation purposes, this is equal to 70 years multiplied by 365
days/year (25,500 days). This distinction is consistent with the hypothesis that the
mechanism of action for each of these health effects endpoints is different. The approach
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for carcinogens is based on the assumption that a high dose received over a short period
of time is equivalent to a corresponding low dose spread over a lifetime. '

3.4.1.2. Inhalation Exposure

Application of the equation for estimating inhalation exposure (USEPA, 2009a) results in

the exposure concentration (EC), which is expressed in micrograms per cubic meter

(ng/m®) and is based on the EPC for each COPC in air. The EPCs were modified to

account for receptor-specific exposure parameters [e.g., ED, exposure frequency (EF),

and exposure time (ET)] but do not consider receptor-specific body weight or inhalation

rate. The USEP;‘b{eﬁeves tg?%pproach r:?llts in m(? realistic rigk estimates, as the W

amouht of chemigal that reaches a target organ may ngt depend p{;ody weight %

ighalation rate. ¢~ ' (Lenp: CYVWANLTH D
| 120 - A -

The AT in the inhalation exposure equation is expressed in hours. Therefore, for

evaluating potential cancer risks, the AT equals 613,200 hours (25,550 days x 24

hours/day). The AT for non-cancer health effects is equivalent to the receptor-specific

ED (in years) multiplied by 365 days/year and 24 hours/day. Where the ED is much less

than 1 year (e.g., for the construction/utility worker), the AT is calculated as ED (in days)

X 24 hours/day (USEPA, 2009a).

3.4.2. Receptor-Specific Exposure Parameters

The exposure parameters used to model human exposure to the COPCs in groundwater

under the RME scenario are described in the following sections and presented in RAGS
Part D Tables 4.1.RME to 4.7.RME. A number of exposure parameter values were

" modified for use in the CTE evaluations, as presented in RAGS Part D Tables 4.1.CTE to

4.7.CTE. Some of these modified values (e.g., ED) are referenced to USEPA guidance,

while others (e.g., EF) are based on professional judgment.

3.4.2.1. Commercial/industrial Workers

The exposure parameters used to model commercial/industrial worker exposure to
groundwater are presented in RAGS Part D Tables 4.1 and 4.2. An EF of 250 days/year
and ED of 25 years were assumed (USEPA, 2002b). An event duration (t-event) [or
exposure time (ET) depending on the equation] of 8 hours (USEPA, 1997b) was used,
assuming that any potential washing activities occur continuously over the course of a
typical 8-hour work day. The event frequency (EV) was 1 event per day (USEPA,
2002b).
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The skin surface area (SA) available for dermal contact was assumed to be 3,300 ¢m?,
corresponding to the area of the face, forearms, and hands (USEPA, 2002b). An average
body weight (BW) of 70 kg for an adult was used (USEPA, 2002b).

Other parameters needed to calculate DAeyer include chemical-specific parameters, such
as the fraction absorbed (FA), dermal permeability coefficient (Kp), and lag time per
event (T-event). The Kp reflects movement across the skin to the underlying skin layers
and into the bloodstream. The chemical-specific parameter for the ratio of Kp through the
stratum corneum relative to its permeability coefficient across the viable epidermis (B)
does not appear in the equation for DAeyent for short exposure times, because DAcven is
not a function of B at short exposure times. For short exposure times, the amount of
chemical absorbed depends only on permeability of the stratum corneum. The chemical-
and exposure scenario-specific factors used in the calculation of DAeyen: for the
commercial/industrial worker are presented in Appendix E.

3.4.2.2. Construction/Utility Workers

The exposure parameters used to model construction/utility worker exposure to
groundwater are presented in RAGS Part D Tables 4.3 and 4.4. Due to the short-term
nature of construction/utility work around an excavation for utility installation,
maintenance, or repair, the EF for the construction/utility worker was assumed to be 60
days, representing exposure equivalent to three work months. An ED of 1 year was used,
assuming construction/utility work at a single location is unlikely and that work by the
same individual is even less likely. A t-event or ET of 8 hours (USEPA, 1997b) and EV
of 1 event per day (USEPA, 2002b) were also assumed.

A skin SA of 3,300 cm?, corresponding to the area of the face, forearms, and hands, was
assumed (USEPA, 2002b). An average BW of 70 kg for an adult was used (USEPA,
2002b). Chemical-specific factors used in the calculation of DAeven for the
construction/utility worker appear in Appendix E.

3.4.2.3. Resident Adults and Children

The exposure parameters used to model residential exposure to groundwater are
presented in RAGS Part D Tables 4.5 to 4.7. To evaluate the potable use scenario,
groundwater ingestion rates (IR-W) of 2 liters/day and 1 liter/day were assumed for
resident adults and children, respectively; they represent the 90" percentile values for
daily water consumption by adults and infants (USEPA, 2002b). The average adult BW
of 70 kg was used for the resident adult, while the average BW of 15 kg for a child (ages
0 to 6) was used for the resident child (USEPA, 2002b).
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An EF of 350 days/year was used for resident adults and children, assuming 15 days -’
away from the home over the course of a year (USEPA, 1991). EDs of 30 years (the 90th
percentile time at one residence) for resident adults and 6 years for resident children were
used. However, in evaluating cancer risks for resident adults, the ED of 30 years was
based on 6 years at the child’s rate of exposure and 24 years at the adult’s rate of
exposure (USEPA, 1991).""-

As the greatest, but not exclusive, opportunity for dermal exposure in the home is during
showering or bathing, the entire surface area of the body was used to evaluate dermal
exposure. Skin SAs of 18,000 cm? and 6,600 cm? were used for adults and children,
respectively. These values represent the average of 50™ percentile total body surface -
areas for adult males and females and a time-weighted average surface area for a 0 to 6-
year old child using 50® percentile total body surface areas for male and female children,
respectively (USEPA, 2004). ETs for dermal contact of 0.25 hours/event (i.e., 15
minutes/event) for adults during showering and 0.45 hours/day (i.e., 20 minutes/day) for
children during bathing were used (USEPA, 2003a). Assuming inhalation exposures to
volatile COPC:s in bathroom air may occur after showering or bathing, ETs for inhalation
exposure of 0.58 hours/event for adults (representing 0.25 hours showering and 0.33
hours in the bathroom after showering) and 1 hour/event for children (representing 0.45
hours bathing and 0.55 hours in the bathroom after bathing) were used (USEPA, 2004).

The USEPA (2004) recommends use of a screening procedure for evaluating dermal
contact with organic COPCs in water where the receptor is also exposed via ingestion
(i.e., resident adults and children). Typically following this screening procedure, an
organic COPC is evaluated for the dermal contact exposure route only if exposure from
dermal contact exceeds 10% of the intake from ingestion. In addition, for dermal contact
with the volatile COPCs, the EPCs in groundwater were adjusted by a factor of 0.9 for
the RME scenario and 0.5 for the CTE scenario (USERARegion-2): This adjustment
accounts for the fact that as the volatile COPCs are released from the water to air, less of
the VOC concentrations are available for dermal contact. Otherwise, dermal contact with
groundwater was as described above. Chemical-specific factors used in the calculation of
DAevent for the resident adults and children appear in Appendix E.

' It is recognized that for consistency, the ED for evaluating non-cancer hazards for the resident adult may
be changed to 24 years. However, whether 24 or 30 years is used as the ED, the factor is canceled out by
the averaging time (which is equivalent to ED*365 days) in the exposure equation, therefore yielding the
same non-cancer hazard quotient.
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Lastly, to evaluate cancer risks from exposure to COPCs with a mutagenic mode of ’
action, age-adjusted exposure factors were calculated for each of the following age

groups: 0-2 years, 2-6 years, 6-16 years, and 16-30 years. These calculations are

- presented in RAGS Part D Table 4.7, were used to calculate chemical-specific intakes

- and dermally absorbed doses in RAGS Part D Table 7.5 and 7.6, and facilitated

- application of age-dependent adjustment factors (ADAF) to toxicity values for

carcinogenic COPCs with a mutagenic mode of action (further described in Section 4.2).

For this reason, exposure parameters for the resident adult and resident child are

presented in Table 4.7 for each year between 0 and 30 years of age.
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4. Toxicity Assessment

The toxicity assessment, also termed the dose-response assessment, serves to characterize
the relationship between the magnitude of exposure and the potential that an adverse
health effect will occur. It involves determining whether exposure to a chemical can
cause an increase in the incidence of a particular adverse health effect and characterizing
the nature and strength of the evidence of causation. The toxicity information is then
quantitatively evaluated and the relationship between the dose of the chemical received
and the incidence of adverse health effects in the exposed population is evaluated.

The USEPA and other regulatory agencies have perférmed toxicity assessments for
numerous chemicals, and the guidancé they provide was used in this BHHRA. These
include reference doses (RfD) and reference concentrations (RfC) for the evaluation of
noncarcinogenic health effects from chronic and subchronic exposure to chemicals and
cancer potency slope factors and unit risk factors for evaluating incremental cancer risk
from exposure to chemicals prorated over a lifetime. Sources of toxicological information
and toxicity values, in order of preference consistent with USEPA (2003c) guidance,
include: "

u Tier 1 - Integrated Risk Information System (IRIS) (USEPA, 2011b). IRIS is an
internet database that has received internal and external scientific review and
contains current information on human health effects that may result from
exposure to chemicals in the environment. IRIS was accessed at:
http://www.epa.gov/iris

B Tier2 - Provisional Peer-Reviewed Toxicity Values (PPRTV). PPRTVs were
developed by the USEPA Office of Research and Development/National Center
for Environmental Assessment/Superfund Health Risk Technical Support Center
and are available as chemical-specific issue papers at the following website:
http://hhpprtv.ornl.gov/. '

] Tier 3 - Additional USEPA and non-USEPA sources of toxicity information,
including but not limited to the California Environmental Protection Agency
(CalEPA) Office of Environmental Health Hazard Assessment’s chronic reference
exposure levels and cancer potency values, the Agency for Toxic Substances and
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Disease Registry (ATSDR) minimal risk levels, and toxicity values published in
the USEPA Health Effects Summary Tables (HEAST) (USEPA, 1997a).

4.1. Noncarcinogenic Effects from Chronic Exposure to COPCs

The USEPA (1990) indicates that acceptable exposure levels for chemicals with non-
cancer health effects should represent concentration levels to which the human
population, including sensitive subpopulations (e.g., the elderly, young children, etc.),
may be exposed without adverse health effects during a lifetime or part of a lifetime,
incorporating an adequate margin of safety. The potential for non-cancer health effects
associated with oral and dermal exposures is evaluated by comparing an estimated
chemical intake or DAD over a specified time period with an RfD derived for a similar
exposure period. The RfD is an estimate of a daily exposure level for the human
population, including sensitive subpopulations, that is likely to be without an appreciable
risk of deleterious effects during a lifetime. Therefore, the ratio of the intake or DAD to
the RfD, termed the hazard quotient (HQ), assumes there is a level of exposure (i.c., the
RfD) below which it is unlikely for even sensitive subpopulations to experience adverse
health effects.

The potential for non-cancer health effects associated with inhalation exposures is
evaluated by comparing COPC concentrations in air (i.e., ECs) to RfCs derived for a
similar exposure period (USEPA, 2009a). The HQ was Qstimated by calculating the ratio
of the EC to the RfC.

The USEPA has indicated that RfDs and RfCs are based on the assumption that
thresholds exist for certain toxic effects and that they often have an uncertainty spanning
perhaps an order of magnitude. Chronic RfDs and RfCs were specifically developed to be
protective of long-term exposure to a chemical. For construction/utility workers, whose
exposure is assumed to occur over a one-year period, subchronic RfDs and RfCs were
used, where available. For some chemicals, subchronic RfDs and RfCs were estimated
from chronic RfDs and RfCs available in IRIS by removing the uncertainty factor applied
where a chronic RfD or RfC was extrapolated from a subchronic study. Chronic RfDs
and RfCs were used as conservative approximations where subchronic values were not
available or could not be estimated.

The RfDs and RfCs for the characterization of potential chronic and subchronic non-
cancer health effects via oral and inhalation exposures are presented in RAGS Part D
Table 5.1 and Table 5.2 (see Appendix A), respectively, along with the primary target
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organ, the combined uncertainty and modifying factors used in the derivation of the RfD
and RfC, and the source of the RfD and RfC. Generally, order-of-magnitude (i.e., in
increments of 10) uncertainty factors reflect the various types of toxicological data (e.g.,
a laboratory animal study extrapolated to the human condition) used to estimate the RfDs
and RfCs. Modifying factors, which can rarige from greater than zero to 10, reflect
qualitative professional judgment regarding scientific uncertainties (e.g., the

" completeness of the overall database) not covered by the uncertainty factor. Application
of the uncertainty and modifying factors is intended to result in RfDs and RfCs that are
protective of human health.

RfDs are not available to evaluate dermal exposure. In their absence, oral RfDs were
used and adjusted followihg USEPA (2004) guidance to reflect absorbed dose. This
allows for comparison between exposures estimated as absorbed doses and toxicity
values expressed as absorbed doses. The oral-to-dermal adjustment factors and the
adjusted RfDs are presented in RAGS Part D Table 5.1.

4.2. Carcinogenic Effects from Lifetime Exposure to COPCs

Regardless of the mechanism of effect, risk evaluation methods employed by the USEPA
generally derive from the hypothesis that thresholds for cancer induction by carcinogens
do not exist and that the dose-response relationship is linear at low doses. Based on this
hypothesis, the USEPA has derived estimates of incremental cancer risk from lifetime
exposure to potential carcinogens. This is accomplished by establishing the carcinogenic
potency of the chemical through critical evaluation of the various test data and fitting
dose-response data to a low-dose extrapolation model. The slope factor, which describes
the dose-response relationship at low doses, is expressed as a function of intake [i.e.,

(mg/kg-day)'].

Incremental lifetime cancer risks from oral and dermal exposures are estimated by
multiplying an estimated daily intake or DAD prorated over 70 years by the slope factor.
The resulting risk estimate is expressed as a unitless probability (e.g., 2 x 10° or 2 in
100,000) of an individual developing cancer. The unitless probability represents the
incremental (or increased) lifetime cancer risk associated with the estimated exposure
above the background risk of developing cancer. This linear equation is valid only at low |
risk levels (i.e., below estimated risks.of 0.01). According to the USEPA, this approach
does not necessarily give a realistic prediction of risk. The true value of the risk at trace
ambient concentrations is unknowr}, and may be as low as zero.
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To evaluate inhalation exposures, inhalation unit risk factors that relate cancer potency to

a chemical concentration in air were used instead of slope factors (USEPA, 2009a).
Incremental lifetime cancer risks from inhalation exposure were estimated by multiplying
the EC by the unit risk factor.

" The oral and inhalation slope factors and unit risk factors for the carcinogenic COPCs are
presented in RAGS Part D Table 6.1 and Table 6.2 (see Appendix A), respectively. These
toxicity values were used to estimate finite, upper limits of risk at low dose levels
administered over a lifetime. For children, the estimated cancer risk reflects the potential
risk over a lifetime due to childhood exposure. The USEPA weight-of-evidence
classification under the USEPA’s 1986 guidelines for carcinogen risk assessment
(USEPA, 1986) or cancer guideline description under USEPA’s revised carcinogen risk
assessment guidelines (USEPA, 2005b, 1999, 1996a) for carcinogenicity and the source
of slope factors or unit risk factors are also presented in RAGS Part D Tables 6.1 and 6.2.

Seven of the polycyclic aromatic hydrocarbons (PAH) [i.e., benzo(a)anthracene,

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,

dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene] are considered probable human

carcinogens of varying potency. With the exception of chrysene; all of these PAHs were

identified as COPCs in one or more groundwater data sets. Potency factors relative to the

carcinogenicity of benzo(a)pyrene, the most studied and most potent of the carcinogenic “
PAHs, have been developed (USEPA, 1993) and were used to derive the cancer slope |
factors for the other carcinogenic PAHs.

The USEPA indicates that early-life exposure to carcinogenic chemicals with a
mutagenic mode of action can result in a greater contribution to cancers appearing later in
life (USEPA, 2005a). To account for this, ADAFs were applied to the oral slope factors
and unit risk factors for carcinogenic COPCs with a mutagenic mode of action. The
USEPA (2005a) recommends a ten-fold adjustment for exposure during 0 and 2 years of
age, a three-fold adjustment for exposures between 2 and 16 years of age, and no
adjustment for exposures after turning 16 years of age.

The COPCs in this BHHRA for which ADAFs were applied are chromium VI,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene (USEPA, 2011c). To facilitate the
application of ADAFs, intakes and dermally absorbed doses were calculated for each of
the following age groups: 0-2 and 2-6 for the resident child; 0-2, 2-6, 6-16, and 16-30 for
the resident adult. For the current/future resident child, an ADAF of 10 was applied to the
cancer toxicity values to evaluate exposure from the ages 0 to 2, and an ADAF of 3 was
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applied to evaluate exposﬁre from the ages of 2 to 6. For the current/future resident adult,
an additional ADAF of 3 was applied to evaluate exposure from the ages of 6 to 16. No
adjustment was made to evaluate exposure from the ages of 16 to 30.

As with RfDs, the USEPA has not derived slope factors to evaluate dermal exposure. In
their absence, slope factors for oral exposure were used and adjusted per USEPA
guidance to reflect absorbed dose. This allows for risk estimation based on exposures
estimated as absorbed doses and slope factors expressed as absorbed doses. ¥he ‘oral-to-
dermal adjustment factors and the adjusted slope factors are presented in RAGS Part D
Table 6.1. ‘

4.3. Noncarcinogenic Effects from Chronic Exposure to Lead

The USEPA has not developed standard estimates representing a dose-response
assessment for lead, because a clear threshold for some of the more sensitive effects in
humans from exposure to lead has not been identified (ATSDR, 2007). Rather, exposure
to lead is typically evaluated in terms of the increase in blood lead (PbB) concentrations
following exposure. The United States Department of Health and Human Services’
Centers for Disease Control and Prevention and the ATSDR have designated, and the
USEPA has adopted, 10 micrograms per deciliter (ug/dL) as a PbB concentration of
concern to protect sensitive populations (e.g., neonates, infants, and children). The
USEPA’s stated goal for lead is that children have no more than a 5 percent probability of
exceeding a PbB concentration of 10 pg/dL (USEPA, 2009d).'? As such, this level is
assumed to also provide protection for adults.

For resident children exposed to lead, the evaluation is facilitated through the use of the
USEPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children
(USEPA, 2002a, 1994), accessed at:
www.epa.gov/superfund/programs/lead/products.htm. The IEUBK model uses detailed
multi-compartment biokinetic modeling. Relationships are defined within the IEUBK
model between external sources of lead exposure from various media (e.g., soil, dust, air,
water, diet) and internal compartments, such as plasma or extra-cellular fluid, red blood
cells, other soft tissue, trabecular (spongy) bone, and cortical (compact) bone. In the
uptake portion of the model, lead uptake through the lung and gastrointestinal tract are

12 Recent evidence suggests that adverse health effects may occur at PbB concentrations of 5 pg/dL or
lower (USEPA, 2009b). However, the USEPA Office of Superfund Remediation and Technology
Innovation has not yet developed new lead policy to address this recent evidence.
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estimated based on absorption coefficients (i.e., percent of lead absorbed). The biokinetic
portion of the model estimates transfer between internal body compartments using
transfer coefficients. This biokinetic transfer is conducted for multiple time steps. Default
lung and gastrointestinal tract absorption factors were used. The biokinetic transfer
coefficients and number of time steps are model-defined.

A model for quantitatively evaluating the pétent_ial for adverse health effects from adult
exposure to lead in groundwater is currently not available. Rather, a qualitative
discussion of the potential for adverse health effects in adult workers was included in the
Risk Characterization. ‘

4.4. Chemical Mixtures

USEPA guidance was also used to evaluate the overall potential for non-cancer health
effects and cancer risks from exposure to multiple chemicals. For the evalunation of non-
cancer health effects, USEPA guidance assumes that sub-threshold exposures to several
chemicals at the same time could result in an adverse health effect. The sum of the HQs
(for individual chemicals, exposure routes, exposure pathways, or potentially-exposed
populations) is termed the hazard index (HI). Generally, hazard indices are only used in
the evaluation of a mixture of chemicals that induce the same effect by the same
mechanism of action. In this BHHRA, the hazard indices of a mixture of chemicals that
can have different effects were used as a screening-level approach, as recommended by
the USEPA (1989). This approach may overestimate the likelihood of adverse, non-
cancer health effects. Therefore, for hazard indices that were greater than 1, toxic
endpoint-specific hazard indices were calculated based on the toxicological endpoint
(e.g., liver effects) used to derive the RfD.

For the evaluation of cancer risks, USEPA guidance indicates that the individual risks
associated with exposure to each chemical can be summed. This approach was used in
this BHHRA and assumes independence of action by the chemicals involved (i.e., that
there are no synergistic or antagonistic chemical interactions and that all chemicals
produce the same effect: cancer).

4.5. COPCs without Toxicity Values

Toxicity values (i.e., RfDs, RfCs, cancer slope factors, and unit risk factors) were not
available to quantitatively assess the potential for human health risks for the following
COPCs: benzo(g;h,i)perylene, phenanthrene, delta-BHC, endosulfan sulfate, endrin ‘
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‘ aldehyde. Possible health implications that may be associated with exposure to these
chemicals are described in the Risk Characterization.
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